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INTRODUCTION 
Sunflower (~elianthus annuus ~.) has recently 
become a major crop in the north-central United States. 
This is the result of the development of high yielding 
oilseed hybrids, a steadily expanding export market and 
the plant's inherent adaptability to severe weather con-
ditions. 
During the early part of this century research 
was conducted throughout the nation investigating sun-
flower's potential for silage. As farmer interest declined, 
the crop was almost forgotten until the introduction of high 
oil cultivars from the Soviet Union where sunflower had 
been grown for oil since the mid-1700's (41). The discovery 
of cytoplasmic male sterility and fertility restoration 
then made possible the production of large quantities of 
pure hybrid seed. 
Production in North America originally centered 
around the Red River Valley of North Dakota, Minnesota and 
Manitoba, but has steadily expanded to the south and west. 
Presently, it is grown on 200,000 hectares in South Dakota 
and ranks sixth in area planted to crops in this state (43). 
As the importance of sunflower in South Dakota has 
grown, the need for research under local growing conditions 
has also grown. This study began as a field calibration 
of the nitrate soil test and has grown into a more general 
study of the fertility needs of the sunflower plant. This 
thesis will concern itself with two aspects of the subject: 
1) Seed yield, seed oil percenta3e and plant nitrogen 
content response to nitrogen fertilization, and 2) Descrip-
tion of the dry matter production and nutrient uptake 
patterns and partitioning of the sunflower plant. 
2 
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LITERATURE REVIEW 
Nitrogen Fertilization of Sunflower 
Seed Yield 
Robinson, in a review of the literature (37), reports 
N as the element most often limiting sunflower seed yield in 
studies throughout the world. Work in the north-central 
United States, however, has often given erratic and some-
times unexplainable results on N fertilization. 
Robinson (35) found no yield response to fertilizer 
N on a fertile silt loam soil but an increase from 765 kg 
seed/ha to 2685 kg/ha on a loamy sand from an addition of 
224 kg N/ha. Work by several other researchers in Minnesota 
found six of fifteen sites giving a yield response to applied 
N (46, 47, 48). 
In North Dakota, Zubriski found seed yield increases 
of 360 and 520 kg/ha from applications of N rates of 45 
and 90 kg/ha, respectively (55). Massey (28) obtained a 
650 kg/ha yield increase from 56 kg N/ha and no additional 
yield increase from further increments of N. 
In South Dakota, Kingsley (23, 24, 25) and Schaper 
(40) have found yield response on only two of twelve N-
fertilization sites. Reasons ·suggested for absence of 
yield response include low yield levels, high residual 
soil nitrate nitrogen (N0 3-N) and a high rate of organic 
matter mineralization. 
Oil Percentage 
Applied N has consistently been found to reduce 
sunflower seed oil percentage (37). Zubriski (55) found 
decreases of 0.9%, 1.5% and 1.8% oil from N increments 
of 45, 90 and 135 kg/ha, respectively. Work in Minnesota 
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(46, 47, 48) showed average oil drops of 0.8%, 1.0% and 1.2% 
at fertilization rates of 65, 100 and 135 kg/ha, respectively. 
Kingsley reported reduction i~ seed oil of orily 0.2% and 
0.4% from 45 and 90 kg/ha, respectively (23, 24, 25). 
Schaper found somewhat larger decreases of 0.3%, 0.8% and 
1. 7% from additions of 36, 72 and 144 kg N/ha in five field 
trials in 1979 (40). No physiological explanation for this 
has been found in the literature by this author. 
Plant Nitrogen 
Faulkner (7) studied the effects of N fertilization 
on plant uptake of N, P and K in North Dakota. He found 
whole plant Nat maturity increased from 1.26% to 1.57% 
with fertilization of 112 kg N/ha. Higher N concentrations 
and dry matter production resulting from N fertilization 
increased total plant uptake from 95 kg N/ha to 177 kg N/ha. 
Relative amounts of N found in the different plant parts 
remained constant. 
Robinson (35) found seed N remained constant across 
fertilization rates at a site showing no yield response, 
but found an increase from 2.56% to 3.67% seed N at two re-
sponsive sites. In a glasshouse experiment in France (5), 
N fertilization raised sunflower seed protein content to 
38% but reduced protein quality. 
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Work has been done in Minnesota (46, 47, 48) attempt-
ing to relate N content of the fifth leaf from the head 
(approximately the first full-sized leaf) at early bloom 
to the N-fertility status of the plant. Increases in leaf 
N were consistently obtained independent of seed yield 
response to N fertilization. Leaf N ranged from 2.4% to 
4.7%. No conclusions on this work have been published. 
In South Dakota, Schaper (40) found leaf N contents of 
3.90%, 4.07%, 4.25% and 4 . 51% at fertilization rates of 0, 
36, 72 and 144 kg N/ha, respectively. 
Predicting Nitrogen Fertilization Needs of Sunflower 
Classical Theory 
An important concept relating crop response to 
soil fertility was published by Liebig in 1855 (27). 
Called "The Law of the Minimum", Liebig's proposal was 
that in any particular situation one factor most limited 
growth. Additional increments of this factor would 
linearly increase yield until some other factor limited 
growth. At this point, or yield level, any further addi-
tions of the original limiting factor would have no effect 
upon growth or yield. 
A differing view was arrived at independently by 
Mitscherlich (29) and Spillman (45) in the early 1900's. 
Simply stated, both men proposed that additional increments 
of a yield-limiting factor would produce proportionally 
smaller yield increases until a maximum was asymptotically 
ap~ . ~oached. Mitscherlich, in addition, proposed that a 
proportionality constant could be experimentally determined 
for any nutrient form which would hold for all crops, yield 
levels and soils. The suff iciency or insufficiency of 
other elements was not considered. 
Bray attempted a s ynthesis of the two ideas (2). 
He reasoned that the Mitscherlich concept was valid, within 
certain boundaries, for re l atively immobile nutrients. 
Crop response to mobile nutrient forms would approach that 
predicted by Liebig. The reasoning was that potential crop 
uptake of an immobile nutrient form is dependent upon rate 
of diffusion and resupp ly of the soil solution, not neces-
sarily the amount. Conversely, potential crop uptake of a 
mobile nutrient form is dependent only upon the total 
amount of that nutrient form present within the root zone. 
The latter concept is the basis for fertilizer recommend-
ations using the nitrate soil test. 
Background on the Nitrate Soil Test 
The nitrate soil test has come into common use in 
6 
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the semiarid and the drier part of the subhumid region of 
North America in the last fifteen years. Methods of esti-
mating nitrogen fertilizer needs of crops used by soil 
testing labs in the past include soil organic matter content, 
estimates of mineralizable N in the organic matter, past 
crop, past fertilization, early-season plant analysis data 
and residual soil ammonium nitrogen (NH4-N). Nitrate nitro-
gen was ignored because o f its assumed loss from the root 
zone through leaching and denitrification. 
Peterson and Attoe (31) found that, in Wisconsin, 
98% ·of total available N could be accounted for at harvest 
by the combination of to t al plant N and N03-N in the top 
60 em of soil. White and Pesek (53) found most residual 
N in the N03-N form in the 15-53 em layer in an Iowa soil. 
Several investigators (14, 42, 44, 51, 54) compared 
different methods of evaluating nitrogen fertilizer needs 
of small grains and corn and found N03-N to be an accurate 
predictor of response to fertilizer N. Soper et al. (42), 
Young et al. (54) and Ward (51) also compared the relative 
efficiencies of No 3-N determined at different soil depths and 
specified the 0-61 em N0 3 -N content as giving the most 
accurate prediction of fertilizer N needs in small grains. 
Nitrogen Recommendations Using the Nitrate Soil Test 
As most sunflowers are grown in semiarid areas, 
the nitrate test is the preferred predictor of N fertilizer 
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requirements. Present recommendations from North Dakota (6), 
Minnesota (22) and South Dakota (12) are shown in Table 1. 
Table 1. Nitrogen recommendations for sunflower of North 
Dakota, Minnesota and South Dakota. 
Yield North South 
Goal Dakota Minnesota Dakota 
kg/haf 
1400 70 60 70 
2000 100 100 100 
2600 130 120 130 
3000 160 140 150 
t Soil N03-N (0-61 em) plus f ertilizer N. 
All recommendations in Table 1 are based partially 
upon field experimenta tion and partially upon the fact that 
the average sunflower crop will take up five kilograms of 
N for every one hundred kilograms of seed yield. Contri-
butions of organic matter mineralization are not directly 
considered in these recommendations. 
Depth of Nitrate Use 
Though the 0-61 em nitrate soil sample has become 
standard for use in estimating N requirements there is 
evidence that some crops util{ze substantial amounts of 
residual No 3-N from depths below 61 em. Herron et al. (19) 
found irrigated corn took up N03-N to a depth of 183 em in 
a deep loess soil in Nebraska. James et al. (21) showed 
that N uptake of sugar beets was highly correlated with 
soil N03-N to a depth of 152 em and that residual N03-N 
to 152 em could be used to predict sugar beet N fertilizer 
requirements. 
Because N03-N moves to roots primarily by mass flow 
the assumption can be made that if water is taken up from 
a given depth of soil, N03-N will also be taken up. 
Nebraska (26) presently extrapolates N03-N to 183 em from 
shallower soil samples and uses the estimated N03-N total 
in fertilizer recommendations for all crops. Minnesota 
estimates twenty-five percent of the N03-N from 61-122 em is 
available for corn uptake in its recommendation program 
(Nitrate soil test for corn in Western Minnesota, mimeo 
from Minn. State Soil Testing Lab.). No estimates of deeper 
nitrates are made from shallower samples, however. 
Though studies on sunflower rooting are limited, 
Weaver (52) reported that the taproot penetrates from 150-
270 em. Pustovoit (32) found roots extending to 400-500 
em in the Soviet Union. Faulkner (7) reported water use 
by sunflowers to a depth of 152 em and assumed uptake from 
below that depth. 
Based upon this and upon other observations, North 
Dakota (6) recommends inclusion of 61-122 em soil N63-N in 
sunflower fertilizer recommendations when a sample is avail-
able (they do not recommend such samples). Eieht-tenths of 
9 
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N03-N from 61-122 em is added to the 0-61 em N03-N in de-
termining recommendations. Thirty four kg N/ha are subtract-
ed from the total because it is assumed that this amount has 
been automatically included in their calibration work on the 
0-61 em N03-N test (personal communication with W. C. Dahnke). 
As more calibration work is completed, the Minnesota State 
Soil Testing Laboratory also hopes to determine a factor for 
N03-N, 61-122 em (personal communication with R.G. Robinson). 
Dry Matter and Nutrient Uptake and Partitioning 
Much research has been published characterizing 
the nutrient uptake, dry matter accumulation and partition-
ing in many crops. Excellent publications are available 
for corn (16), oats (33) , sorghum (49) and winter wheat (50). 
Some patterns are found in the behavior of all these 
plants. Dry matter accumulation and nutrient uptake can be 
graphically described by a sigmoid curve with a long linear 
phase of rapid uptake. Nitrogen, phosphorus and potassium 
are accumulated at a rate relatively faster than dry matter 
early in the season. Accordingly, concentrations of N, P 
and K in the various plant parts decline as the season 
progresses. 
Hanway (15) also found that proportions of dry matter 
allocated to the various plant parts differed little across 
several fertility treatments and yield levels in corn. 
Approximately 48% of the dry matter accumulated in the grain, 
15% in the cob, husks, silks and ear shanks, 18% in the 
stalk, 12% in the leaves and 7% in the leaf sheaths. 
Gaines and Nevens (11) studied nutrient removal in 
sunflower silage. The relative order of the total uptake 
of the elements studied was K, Ca, N, Mg, S and P. Total 
amounts removed were similar to corn silage. 
Robinson, through periodic plant sampling, obtained 
data on nutrient uptake and concentrations in the different 
plant parts throughout the season (34). All essential 
elements studied (N, P, K, Ca, Mg, Fe, S, Zn, Cu, Mo, Hn 
and B) showed variation in plant content between growth 
stages. All elements except B, Cu and Na showed decreasing 
concentrations in the stem-leaves as the season progressed. 
Seed composition did not vary significantly for any element 
through the filling period (Table 2). 
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Gachon (9) studied dry matter and nutrient accumu-
lation of two sunflower varieties in France. All elements 
studied (N, P, K, Ca and Mg) were taken up at a relative 
rate exceeding dry matter accumulation early in the season. 
Magnesium, K and Ca reached maximum uptake 20-35 days before 
maturity and total plant contents declined thereafter. In 
a t~.;o month period encompassing anthesis plants took up 90% 
of total plant Mg, 75% of total K and 67% of total Ca, N 
and P. 
Faulkner (7) reported on nutrient and dry matter 
contents of sunflower at maturity . Based upon this work he 
Ta?le 2. Elemental composition of sunflower reported by Robinson (33). 
Stem - Leaves - Receptacle Root Achene 
Element Seedl1ng Head1ng Flower1ng Maturing Matur1ng Matur1ng 
N 
p 
K 
Ca 
Mg 
Na 
Fe 
s 
Sr 
Zn 
Cu 
Mo 
Mn 
B 
------------------------------------%------------------------------------
4.43 3.18 1.69 0.69 0.35 2.91 
0.32 0.36 0.26 0.14 0.05 0.69 
3 . 22 3.18 2.01 2.37 0.58 0.82 
1.62 1.67 1 . 22 1.34 0.35 0.18 
0.91 0 . 97 0 . 82 0. 71 0.17 0.31 
0 . 004 0 . 04 0 . 05 0.04 0.24 0.00 
0.04 0. 02 0.007 0.008 0.09 0 . 005 
0 . 18 0.05 0.24 
- -- - ------- -- ----------------------ppm-----------------------------------
85 92 66 77 32 5 
51 28 25 12 23 46 
10 11 11 9 8 17 
2 2 2 2 4 1 
79 56 35 31 45 18 
38 46 39 39 12 18 
........ 
N 
estimates 141 kg N, 108 kg P2o5 and 119 kg K20/ha is neces-
sary to produce 2900 kg seed yield/ha. Robinson (36) es-
timates 100 kg N/ha is necessary for a 2000 kg/ha sunflower 
crop. This inclused 48 kg N in the seed, 31 kg in the 
stover, 3 kg in the roots and 14 kg for the soil microflora 
for organic matter maintenance. 
Summary 
Information on the f ertility requirements of sun-
flower is incomplete. Several conclusions might be drawn 
from this literature review, however: 1) Nitrogen fertili-
zation often increases sunflower seed yield, but such in-
creases cannot always be a ccurately predicted from the 
standard nitrate soil te s t . 2) Nitrogen fertilization 
usually decreases sunflowe r seed oil percentage. 3) Since 
13 
sunflower is a deep-roo t ed crop, measuring soil nitrates 
below 61 em may improve n itrogen fertilizer recommendations. 
4) Nitrogen fertilizer i n c r eases whole plant N, leaf N and 
seed N. However, information has not been complete enough 
for the determination of "sufficiency levels" for the crop. 
5) Sunflower nutrient and dry matter uptake patterns seem to 
be similar to those reported for several other crop plants. 
Hopefully, information in this · thesis will shed further 
light on these conclusions. 
METHODS AND 11ATERIALS 
Nitrogen Calibration Study 
Twenty-two field trials were established in north-
eastern South Dakota in 1980 and 1981 (Table 3). Nine 
sites were lost because of adverse environmental conditions 
(five due to stand problems, two due to hail, one due to 
rodent damage and one due to wind damage) and- no data from 
them will be used. Exper imen tal design at all sites was a 
randomized complete block containing three to ten repli-
cations, the number depending primarily upon the soil vari-
ability at each site. 
14 
Nitrogen rates of 0, 34, 67, 101 and 134 kg N/ha 
were applied as ammonium nitrate, broadcast prep1ant and 
incorporated with a shal low discing at nine sites, and broad-
cast after planting at four sites. At two sites (GR-81) 
and RE-81) the nitrogen treatments were combined with three 
rates of phosphorus (0, 34 and 67 kg PzOs/ha) in a factorial 
arrangement. As there was no effect of P on yield, oil or 
plant N, the main effects of N were averaged across P levels. 
Fertilizer P was applied at other sites as indicated by the 
recommendations of the South Dakota State University Soil 
Testing Laboratory. 
Twelve of the sites were established on farmer-
cooperator fields and one at a university research farm. 
Cultural practices, ther~fore, varied greatly. Row spacing 
Table 3. Location and soil characteristics of sunflowerN-calibration sites in this 
study. 
Site County 
LE-80 Marshall 
GT-80 Brown 
NB-80 Clark 
AL-80 Brown 
CR-80 Marshall 
ME-80 Spink 
HJ-80 Codington 
RE-81 Brown 
GR-81 Spink 
RF-81 Spink 
ME-81 Spink 
LP-81 Codington 
ER-81 Brown 
Organic N03-N Bray NH4Ac 
Matter 0-61 em P K Series Classification 
% --~-----kg/ha--------
3.3 
2.2 
3.0 
2.6 
3.2 
3.2 
3.6 
3.1 
2. 7 
2.1 
3.2 
2.9 
3.2 
94 
30 
46 
41 
72 
45 
80 
58 
41 
57 
39 
88 
18 
24 
27 
11 
24 
43 
40 
24 
9 
10 
38 
54 
31 
29 
770 Great Bend Udic Haploboro11 
920 Kransburg Udic Hap1oborol1 
480 Waubay Pachic Udic Haploborol1 
1100 Great Bend Udic Hap1oboro11 
1060 Playmoor Cumulic ITaplaquoll 
1100 Aberdeen Glossic Udic Natriborol1 
650 Poinsett Typic Hap1oboroll 
1100 Beotia Pachic Udic Hap1oborol1 
1100 Doland Udic Haploboroll 
830 Beotia Pachic Udic Haploboro11 
1100 Harmony Pachic Udic Haploboro11 
750 Poinsett Typic Hap1oboroll 
1100 Beotia Pachic Udic Haploborol1 
t--J 
V1 
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ranged from 76-97 em. Weed and insect control was performed 
by cooperating farme rs, though most sites required supple-
mental hand weeding. Pla .t populat ions harvested ranged 
from 32,100-46,900 plant s/ha . Plant i n g dates ranged from 
May 5-June 17. 
Seed yie lds wer_ det rmi.ned f r om hand harvested 
heads. At eight sites 9 .2 meters of row and at five sites 
6.1 meters of row were harve:ted from the middle of each 
plot. Heads were dri ed, :hreshed by a sta t ionary plot 
thresher, cleaned with a ~ all fanning mil l and weighed. 
Seed oil concentration was de termined on a 40 cm3 sample 
by nuclear magnetic re:on,nce at all sites excep t CR-80 and 
ME-80. N content of seeds 'Was determined by Kj eldahl anal-
ysis. 
Dry Matter Productio1 and Nutrien t Uptake/Partitioning 
One si te in 19 ·O a1d two sites in 1981 were estab-
lished for the purpose o~ periodic plant sampling and visual 
observations of the sunflower plant 's growth habits. 'Sokota 
894' was planted at a rate of 42,000 plants /ha at two sites 
(Br-80 and BR- 81) and 47 ,000 plants /ha at t he third site 
(SP-81). Plan ting dates were May 26 , May 29 and June 12 
for BR-80 BR- 81 and SP-81, respectively . BR- 80 and BR-81 , 
were located on a Vienna soil series (Udic Haploboroll) and 
SP-81 on a Beo tia (Pachic Udic Haploboroll). Soil test data 
(Table 4) show moderate to high amounts of most nutrients 
Table 4. Soil test data from nutrient uptake sites, 1980 and 1981. 
N03-N · Bray NH4Ac Extrac. · DPTA Extractable 
Site pH O.M. 0-61crn P K Ca Mg Cu Zn Mn Fe % kg/ha ___________________ ppm, 0-15 em ____________ _ 
BR-80 6.5 3.2 220 50 250 2930 580 1.9 1.6 29 40 
BR-81 6.5 3.2 140 40 205 3250 650 1.8 1.1 27 38 
SP-81 7.5 2.1 185 11 430 2510 800 1.7 0.6 25 20 
t--1 
.......... 
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at all three sites. No fertilizer was applied. 
Whole plant samples of above ground parts were taken 
and observations recorded at four to nine day intervals in 
each plot. Plants were selected from full-stand areas in 
the middle four rows of each plot. BR-80 consisted of one 
plot, 8 rows by 22 meters . BR-81 and SP-81 each were di-
vided into three plots 6 r ows by 22 meters. Sampling date 
information is shown in Tab l e 5. Each sample was divided 
into its constituent plant parts - stems, leaves, petioles, 
receptacles and achenes - dried, weighed and ground in prep-
aration for chemical ana lysis. Nitrogen was determined by 
the Kjeldahl method. Potassium was extracted by 0.35 N acetic 
acid and determined by a f lame photometer. Samples were wet 
ashed with nitric and perchloric acids and P determined by 
the vanadornolybdate procedure, S by the turbidimetric method 
and Ca, Mg, Fe, Mn, Zn an d Cu by atomic absorption analysis. 
Samples for Boron were dr y ashed and B determined by the 
azomethine H procedure ( 10). Boron and sulfur determinations 
were not made on samples f rom BR-80 . 
Table 5. Sampling data from nutrient uptake sites, 1980 and 1981. 
BR-80 J BR-81 SP-81 
Date Agef Plant Sf Date Age Plants Date Age Plants 
6/16 11 24 6/11 9 24 7/8 20 8 
6/23 18 18 6/20 18 15 7/15 27 4 
6/30 25 15 6/29 27 5 7/21 33 3 
7/7 32 6 7/6 34 4 7/29 41 3 
7/14 39 3 7/13 41 3 8/6 49 3 
7/21 46 3 7/20 48 3 8/14 57 3 
7/28 53 3 7/28 56 3 8/ 20 63 3 
8/4 60 3 8/4 63 3 8/ 27 70 3 
8/12 68 3 8/9 68 3 9/1 75 3 
8/18 74 3 8/13 72 3 9/5 79 3 
8/27 83 3 8/17 76 3 9/13 87 3 
9/4 91 3 8/23 82 3 9/22 96 3 
9/11 98 3 8/28 87 3 
9/2 92 3 
9/10 100 3 
t Days after emergence. Emergence began June 5, June 2 and June 18 at these 
sites respectively. t Plants harvested per plot. 
I 
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RESULTS AND DISCUSSION 
Relation of Sunflower Seed Yield to Available Nitrogen 
Rainfall distributions in 1980 and 1981 were similar. 
In both years an extremely dry spring was followed by normal 
or above normal rainfall (in the form of thunderstorms) in 
July and August. The lack of subsoil moisture caused large 
yield differences between sites because of the sporadic 
nature of summer thunderstorms. Though water use was not 
accurately measured at all sites, approximate water-use-
efficiencies estimated from rainfall and pre-season soil 
moisture contents ranged from 50-115 kg/ha-em. A summary 
of yield data is presented in Table 6. 
A traditional representation of the relationship 
between yield and nitrogen is to combine fertilizer N and 
residual N (N03-N, 0-61 em) and regress yield against this 
estimate of available N (Figure 1). Though a significant 
correlation (.05 level) exists, this approach is clearly 
inadequate as a predictor of yield for this data. Sites 
not responding to fertilizer N are easily explained in the 
lower, right-hand corner of the graph (low yield levels 
and high amounts o f available N), but points in the upper 
left-hand corner of the graph are not as easily explained. 
Figure 2 shows the relationship between yield and 
available N at six sites deemed responsive to fertilizer 
N. A site was considered responsive if the F value for 
treatment was significant at the 0.25 level. This liberal 
interpretation was considered necessary in order to reduce 
Type II errors at sites with high yield variability caused 
by stand problems and bird damage. It can be concluded 
that to a large degree absolute seed yield was independent 
of available nitrogen. However, relative seed yield did 
seem dependent upon available N, with maximum yields 
occurring at similar levels of available N at all sites. 
Table 6. Sunflower seed yield response to N fertilization 
in South Dakota, 1980 and 1981. 
Site 0 
Fert i lizer Rate (kg N/ha) 
34 57 IOI I34 
Seed Yield (kg/ha) 
LE-80 2950 2910 3080 3110 3050 
GT-80 1460 1660 1840 1970 1850 
NB-80 1680 1870 2030 2070 2060 
AL-80 3100 3110 2920 3200 3260 
CR-80 2449 2950 2820 2990 2760 
ME-80 1660 1610 1740 2690 1760 
HJ-80 1890 1950 1880 1940 2110 
RE-81 2170 2130 2040 2240 2040 
GR-81 1950 2000 2130 2180 2070 
RF-81 2710 2730 2720 2760 2700 
ME-81 1600 1940 1980 1880 1940 
LP-81 2420 2280 2520 2300 2390 
ER-81 1890 2230 2200 2310 2370 
X 2150 2260 2300 2360 2340 
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• Yield:: 1999.9 + 3.405 Available N 
R2:0.094 
50 100 150 
Available N, 0-61 cm(Kg/Ha> 
Figure 1. The relationship of sunflower seed yield to available 
n i tro gen at sunfloHer N-calibration sites, 1980 and 1981 
(available N =fertilizer N + N0 3-N, 0-61 em). 
N 
N 
Seed Yield CKg/Ha) 
3000 * * 
2500 
ll 
• 
2000 
• 
1500 
50 100 150 
Available N, 0-61 em CKg/Ha> 
Figure 2. Sunflower seed yield response to nitrogen fertilization at 
six sites s howin~ si~nificant resnonse (0.25 level), 1980 
and 190l (available N =fertilizer N + NOJ-N, 0-61 em). N w 
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Yields were regressed against fertilizer N to model 
yield response at each site. In all cases a quadratic 
equation fit the data. These equations were then differ-
entiated in order to botain an estimate of maximum yield and 
the amount of fertilizer N necessary to achieve maximum 
yield at each site. At the other seven sites, the average 
yield was used as the best estimate of maximum site yield. 
A summary of site information regarding maximum site yields 
and the available N necessary for those yields is presented 
in Table 7. From the data in this table it appears that 
1) similar amounts of N were required for maximum yield at 
responsive sites, and 2) less available N was required to 
reach maximum yield at non-responsive sites than at respon-
sive sites. 
A more useful presentation of the yield data may be 
a comparison of relative yield to available N (Figure 3). 
Relative yield is described as the mean yield of each treat-
ment divided by the maximum yield at that site times 100%. 
Though some troublesome points still exist in the upper 
left-hand corner of the graph, this is a clear improvement 
over the relationship shown in Figure 1. 
Several po s sible explanations for the strength of 
this relationship exist: 1) Moisture conditions which permit 
large yields also cause a high rate of organic matter miner-
alization. An increase in mineralization rate from one to 
two percent on a soil ~vith three percent organic matter 
Table 7. 
Site 
GT-80 
ME-81 
NB-80 
GR-81 
ER-81 
CR-80 
HE-80 
HJ-80 
RE-81 
LP-81 
, RF-81 
LE-80 
AL-80 
N use efficiencies of 
l'1aximum Yield 
kg/ha 
1920 
1990 
2080 
2140 
2350 
2980 
1690 
1950 
2130 
2390 
2720 
3020 
3120 
sunflower N-calibration sites, 1980-1981. 
Available N+ Available N Required 
Required per Unit of Gr~in Yie_l_d ____ __ 
kg/ha kg N/100 kg yield 
RESPONSIVE SITES 
134 7.0 
127 6.4 
141 
136 
148 
152 
NON-RESPONSIVE 
less than 45 
II II 80 
II II 58 
II II 87 
" II 57 
II II 94 
II II 41 
SITES 
6.8 
6.4 
6.3 
5.1 
less than 2.7 
II " 4.1 
II " 2.7 
II II 3.6 
II " 2.1 
tl " 3.1 
" " 1.3 
+ Available N is the sum of residual N03-N in the top 61 em of soil plus 
fertilizer N necessary to give the maximum yield indicated. 
N 
VI 
RELATIVE SEED YIELD (ft) 
• • •• 
• • • • • • • • • 
100 
90 
Relative Yield : 80.04 + .242 Avail. N - .00071 Avail. N2 
• R2 = .424 
6 
50 100 150 
Available N, 0-61cm (Kg/Hal 
Figure 3. Relationship between relative sunflower seed yield and 
available nitrogen, 0-61 em, at sunflower N-ea1ibration 
sites, 1980 and 1981 (avail. N = fert. N + N03-N, 0-61 em). 
N 
()"\ 
would release approximately an additional 45 kg N/ha. 
2) The improved moisture conditions may raise efficiency 
of fertilizer use. Fertilizer broadcast on the soil sur-
face or shallowly incorporated may not move deep enough 
into the soil to be available to sunflower roots in a drv 
J 
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year. This may have been one of the factors causing a lower 
spring available N requirement for the non-responsive sites. 
3) Similarly, root growth would probably be significantly 
deeper and more extensive at sites with favorable soil 
moisture conditions. 4) During periods of relative drought 
N03-N present in the soil solution may be unavailable to 
plant roots because of high soil-water matric tension. 
Another improve~ent in the model would probably 
come from the inclusion of N03-N from the 61-122 em soil 
depth in the calculation of available N. Not enough sites 
containing substantial deep nitrates are included in this 
study to estimate efficiency of plant uptake. However, 
there are several indicat ors that the development of such 
a factor is desirable. Figure 4 shows the relationship 
between yield and fertilizer N plus N03-N, 0-122 em. 
Several points which were outliers in the upper left corner 
in Figure 3 are in closer conformity with the regression line 
in Figure 4. The R2 for this model is only slightly higher 
than that for the previous model, perhaps due to the lack 
of subsoil nitrates at most sites. 
One site, AL-80, is not well explained by Figure 4, 
RELATIVE SEED YIELD < ft) 
1001-
90 
• 
• 
• 
•• 
• • 
• 
• • • • • 
• • • 
···~ • 
• 
• • 
• • • • • • • •• • • • • _/ • • • 
• 
• 
• 
Relative Yield = 77.18 + . 210 Avail N - 0.00046 Avail. N2 
R2=.475 
50 100 150 
Available N, 0-122cm (Kg/Hal 
Fi gure 4. Relationship between relative sunflower seed yield and 
available nitrogen, 0- 122 em, at sunflower N-calibration 
sites, 1980 and 1981 (avail. N = fert . N + N03-N, 0-122 em). N (X) 
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showing high relative yields (and very high actual yields) 
at low amounts of available N. Indications from leaf samples, 
whole plant dry matter amounts and seed N contents indicate 
that while N increas ed growth ~ a limitation was placed on 
yield increase by a l ow poptL at ion (33, 600 plants/ha) and an 
already high yield leve l . 
A second i ndicatior .. of the ability of sunflower to 
obtain N03-N be low 61 em is chown in Table 8 detailing the 
estimated N-bal ance of Qunfl wer sites in 1980 and 1981. 
The assumption is made in this t able that no loss of nitro-
gen occurred in root zonP. during the growing season, a 
reasonable assumption in dry years such as 1980 and 1981. 
At all sites, pos t-harvest N03- N, 61-122 em was equal to 
or less than pre- plan t aw.ount s . Also worth noting is that 
estimated mineraliza t i on ~as highest at the two highest 
yielding sites. 
Fertilization Effec ts Upon Seed Nitrogen and Oil Content 
Seed Oil 
Seed oil con tents generally decrease d with increasing 
N fertili-ation rates (Tabl e 9). Of eleven sites, only two 
showed a sionificant treatment ef f ect (.05 level). At the 
0 
majority of the sites, however, - the highest seed oil per-
centage was found in the unfertilized plots. 
Table 8. Pre- and post-season N0 3-N of unfertilized plots at sunflower N-calibration 
__ sites, 1980 and 198lt. . 
N03-N, 0-61 em No~-N, 61-122 em Approx. Total N03-N Estimated 
Site Pre Postre Post Yield N Uptak~ Decrease Mineralized N 
-----------------------------------kg-ha---------------------------------------
GT-80 30 19 22 10 1460 69 23 46 
ME-81 39 19 24 11 1600 81 33 48 
ME-80 45 43 62 13 1660 91 51 40 
NB-80 46 24 16 16 1680 63 22 41 
HJ-80 80 25 37 30 1890 95 62 34 
ER-81 18 16 16 13 1890 65 5 60 
LP-81 88 28 25 12 2420 112 73 39 
CR-80 . 72 13 18 9 2440 103 68 35 
RF-81 57 21 64 12 2710 123 88 35 
LE-80 104 65 99 77 2950 150 61 89 
AL-80 41 22 . 16 11 3110 127 24 103 
t Post-season ni t rates were not determined at RE-81 and GR-81. f N uptake was determined from whole plant samples at NB-80, ER-81, RF-81 and AL-80. 
At other sites Seed N/.55 was used as an estimate. 
w 
0 
Table 9. 
--
Site 
ER-81 
GT-80 
HE-81 
AL-80 
GR-81 
NB-80 
RF-81 
RE-81 
HJ-80 
LP-81 
LE-80 
x 
Seed oil contents at sunflower fertilization sites, 1980-1981. 
N Fertilization Rate Initial 
0 3Zi 67 IOI 134 N03-N~6l em 
Seed Oil (%) kg/ha 
41.8 41.4 41.4 41.3 40.6 18 
42.5 41.9 38.2 40.1 40.1 30 
39.5 39.9 38.8 38.8 37.3 39 
41. 7 40.8 41 . 9 42 .0 41.7 41 
41.9 41.8 41 . 5 41. 2 41 .3 41 
43.2 42. 2 43.0 42 . 4 42.0 46 
39.5 39 .0 39.3 38.8 38 .7 57 
39.0 39. 4 38.9 39. 4 38. 6 58 
> 44 . 1 42.8 42 . 9 41 .6 41.2 80 
45. 4 43.0 44.2 44.3 44.0 87 
41.2 40.9 41.8 39.7 37.4 94 
41.9 41.2 41.4 41.1 40.5 52.7 
L.V 
t-' 
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Seed oil percentage was regressed against available 
N with the resulting coefficient of determination only 0.04 
(Oil% = 43.218 - 0.045 Available N + 0.00012 (Available N)2). 
Factors other than N-fertilization such as planting date, 
population, disease, and insect infestation greatly influence 
seed oil content, decreasing the ability of single-factor 
regression to predict a causal relationship. 
In order to exclude non-fertility related factors, 
fertilizer N was regressed against relative oil percentages 
of each site (Figure 5). Relative oil percent was determined 
by dividing the mean oil percentage of each treatment by 
the treatment mean of that site having the highest oil per-
centage. In effect, site differences were filtered out by 
an indexing method. Because the highest oil percentage was 
not always found in the unfertilized plots the intercept is 
not 100%. 
Though a better relationship was found, only 30% 
of relative oil variability was explained by fertilizer N. 
Site differences, though apparent, could not be explained 
by differences in planting date, population, residual soil 
nitrate or yield level. Sites giving a yield response to 
N fertilization re a cted similarly to those not responding 
to N fertilization. 
Seed N 
The relationship between seed N and N fertilization 
RELATIVE SEED OIL I % I 
100 
qa 
96 
94 
Relative Oil: 99.5-.0271 Fertilizer N 
R2=.297 
30 60 
FERTILIZER N IKg/Hal 
90 120 
Figure 5. Relationship between relative oil percentage and fertilizer N 
applied at N-calibration sites, 1980 and 1981. 
w 
w 
t 
was clearer than that between fertilization and seed oil 
(Table 10). At all sites the unfertilized plots had the 
lowest seed N content. Initial soil nitrates had little 
effect on seed N. 
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Table 10. Seed N contents at sunflower fertilization sites, 
1980-198lt. 
N Fertilization Rate 
Site 0 3~ "67 IOI I34 
Seed N (1o) 
ER-81 2.38 2.56 2.68 2.72 2.81 
GT-80 2.61 2.87 3.10 3.05 3.22 
ME-81 2. 76 2.93 3.03 3.06 3.09 
AL-80 2.44 2.66 2.65 2.57 2.64 
GR-81 2.81 2.98 2.82 3.00 2.96 
NB-80 1.95 2.42 2.61 2.71 2.76 
RF-81 2.62 3.00 2.91 3.28 2.93 
RE-81 2.98 3.05 3.06 3.11 3.15 
HJ-80 2.48 2.59 2.62 2.84 2.73 
LP-81 2.57 2. 77 2.68 3.04 3.12 
LE-80 2. 73 2.84 2.81 2.89 3.00 
X 2.58 2. 79 2.82 2.93 2.95 
Correlation between seed N and fertilization rate 0.49. 
Interest has been shown in using seed N as an indi-
cator of N-sufficiency for maximum yield. Such a relation-
ship may exist in sunflower, but data from the sites con-
sidered here suggest such a relationship to be very tenuous. 
Figure 6 uses a modified Cate-Nelson approach (4). The 
vertical limes were drawn to approximate a critical zone for 
seed N-content below which yield increases from N fertiliza-
tion could have been expected and above which one could be 
certain sufficient N was available for maximum seed yield. 
RELATIVE SEED YIELD % 
I • I • 
I • I • • I • • . I • I I •• 
I • • le • •• • 1001- I. •• • •• I• I • I • • • • • I •• • • • I • • • I • I I • ' I • I • • • 
901- •• I • 
• 
• • sot-! • 
• 
INSUFFI CIENT 
I I 
HARGINAL . 
I i I I I 
SUFFICIENT 
I I 
2.0 2.2 2.4 2.6 2.8 3.0 3.2 
SEED N% 
Fi gure 6. Relationship between relative seed yield and nitrogen per-
centage in seeds from sunflower N-calibration sites, 1980 
and 1981. 
UJ 
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The horizontal line is meant to clarify the separation 
between yields approaching site maximums and those which are 
not. More sites giving yield response to N would improve 
the graph, but with present information the critical zone is 
impractically wide and its boundaries uncertain. 
Relationship Between Seed Oil and Seed N 
As mentioned earlier, N fertilization has consis-
tently been shown to reduce seed oil content. Three possible 
causes for this are: 1) N in assimilate translocated to the 
seed physiologically intereferes with lipid metabolism, 
2) N increases seed weight without increasing seed oil, 
"diluting" a static oil amount, 3) N enhances formation of 
non-oil components at the expense of oil, a "trade-off" 
effect. 
This author has insufficient information and know-
ledge to address the first issue. Evidence regarding a 
corielation between seed size and oil content is conflicting 
(8, 40). Seed weights determined at four sites seem to 
indicate oil percentage and seed weights were not related 
(Table 11). Therefore, the second potential cause seems 
doubtful. 
Table 11. Seed weights and oil contents at sunflower fertilization sites, 
1980 and 1981. 
N Fertilization Rate (kg/ha) 
0 30 60 90 120 
Site SeedWt. Oil Seed t'J"t. Oil Seed Wt. Oil Seed Wt. Oil Seed Wt. Oil 
g/1000 
--
1o g/1000 fo g/1000 % g/1000 '7o g/1000 % 
LP-81 47.0 45.4 46.1 43.0 45.8 44.2 46.9 44.3 47.4 44.0 
ER-81 36.3 41.8 38.4 41.4 38.6 41.4 38.9 41.3 39.5 40.6 
GR-81 43.3 41.7 45.8 41.8 45.2 41.5 46.5 41.2 45.6 41.3 
GK-80t 31.2 41.2 29.5 39.1 29.6 39.7 31.7 39.0 31.4 38.5 
t Site is not included in other portions of this paper. 
w 
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The data presented here most clearly favors the 
third hypothesis. A strong, linear, inverse relationship 
was found between seed oil and seed N (Figure 7). One 
site, LP-81, contributed several outliers, all far above 
the regression line. With the exclusion of that site, 
seed N was shown to be responsible for 61% of the varia-
bility in seed oil percentage. 
Seed N may also contribute to the explanation of 
lower sunflower oil contents with later planting dates. 
Evidence linking this relationship to temperature effects 
has been confusing and contradictory (3,14,18). The 
difference may be caused, at least in part, by lower seed 
N percentages in early plantings (Table 12). 
Table 12. Seed N and oil contents of early and late 
planted sunflower sites, 1980-1981. 
N Rate Early Plantedt Late Planted 
Seed N Oil Seed N Oil 
Kgllia -----------------%-----------------
0 
34 
67 
101 
134 
2.45 
2.68 
2.68 
2.83 
2.84 
43 . 3 
42.1 
42.7 
42 . 1 
42.0 
2.67 41.0 
2.86 40.6 
2.92 40.6 
2.99 40.4 
3.02 39.5 
t Sites planted before June 1 (5 sites) were considered 
early, those planted after June 1 (6 sites) were 
considered late. 
SEED OIL 1%1 
0 
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•• 
, 
• 
• 
With LP-81: 
Oi1=54.176-4.668 Seed N 
R2 =.401 
Without LP-81: 
Oil= 54.613 -4 .. 949 Seed N 
R2=.607 
.. 
0 
0 
• 
• 
• • 
• • 
• 
• • 
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• All other sites 
2.80 
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0 
0 
• 
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• 
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3.40 
Figure 7. Relationship between seed oil percentage and seed N content 
at N-calibration sites, 1980 and 1981. 
LV 
\.0 
40 
Assimilate transported into the seed has a limited 
amount of carbon. If protein synthesis is stimulated be-
case of a high N concentration in the assimilate, less 
carbon is available for oil formation. This is not to pre-
suppose this replacement occurs to the exclusion of other 
factors, but the regression coefficient of the equation in 
Figure 7 suggests that some such trade-off may exist. Thus, 
the two parameters discussed here, seed N and seed oil, may 
be dependent upon one another. An environment which favors 
an increase in seed N, such as one including N fertilization, 
will likely cause a decrease in seed oil content because 
protein seems to be the preferred pathway for use of the 
assimilate. If this hypothesi s is correct (similar results 
have occurred with soybean (20)), then the opposite would 
also seem to be true. Conditions which favor the development 
of oil would depress seed protein content (though not seed 
N). This is significant because it points toward difficulties 
in the simultaneous development of varieties with high protein 
and high oil contents. 
Dry Matter Production and Nutrient Uptake 
and Partitioning of the Sunflower 
Chronological development of sunflower plants was 
similar at all three sites. The immature inflorescence 
became visible at 30-32 days, anthesis began at 59-61 days 
and maturity occurred 96-100 days after emergence. Maturity 
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was determined by visual observation of the browning of the 
bracts and the back of the receptacle. Total dry matter and 
nutrient accumulation at the three sites are given in Table 13. 
Dry Matter Accumulation 
and Plant Height Development 
Dry matter accumulation and plant height develop-
ment each followed similar patterns at all three site years 
(Figure 8). Dry matter first accumulated in the leaves. 
Rapid stem elongation and dry matter accumulation began about 
30 days after emergence . Maximum dry matter accumulation 
occurred at 48-52 days after emergence for leaves and petioles, 
70-75 days after emergence for the stem, 70-85 days after 
emergence for the receptacle and at maturity for the achene. 
Maximum plant height was achieved at about the time pollin-
ation was complete. Total dry matter reached a maximum at 
maturity at BR-80 and ten to fifteen days before maturity 
at BR-81 and SP-81. 
At all three site-years, 65-70% of dry matter accum-
ulation occurred in a four week period from 35-63 days after 
emergence. During this same four week period plant height 
increased from 45 to 180 em with the plants growing at rates 
up to 12 em/day. 
Partitioning of dry matter at maturity was similar 
for all site-years (Table 14). The values obtained were 
similar to those found in France (9) and North Dakota (7), 
Table 13. Total accumulation of dry matter and essential elements at sunflower 
nutrient uptake sites, 1980 and 198lt. 
Dry 
Site Matter N P K Ca Mg S B Zn Cu Fe Mn 
-----------------------------------Kg7ha-----------------------------------
BR-80 11,340 
BR-81 11 , 970 
SP-81 10,810 
181 
262 
211 
49 
43 
23 
346 
466 
436 
206 
210 
132 
80 
97 
so 
38 
23 
.63 
. 45 
.34 
. 40 
.35 
T Maximum ac cumulat i on , not amount in plan t at maturi t y . 
.17 .76 
.28 1.47 
.27 2 . 11 
.36 
.51 
.57 
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Figure 8. Relative height and dry matter accumulation at 
sunflower nutrient uptake sites, 1980 and 1981 . 
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suggesting a consistency in dry matt er partitioning which 
is independent of mode ra t e ch anges in yield and fertility 
level. The percentage of dry mat ter in the achene was quite 
low compared to published va·ues for other crops (15,32,48,49). 
Table 14. Relative dry matter partitioning of sunflower 
at matur ity+ . . 
Site Stem Leaf Petiole Receptacle Achene 
------- ----- ----- ..... ~ . ............. -%-- -------- ---------
BR-80 33 16 r:; . } 16 30 
BR-81 31 15 4 17 30 
SP-81 28 14 4 18 30 
X 31 15 /+ 17 30 
+ Dry matter content relative to maximum dry matter up-
take at each site. 
Nitrogen 
Maximum N accumula~ion i n s unflower occurred slightly 
before maximum dry matter accumulation, mid-way through 
achene development (Figure 9). Aft er this point N was lost 
from above ground portions of t he plant until 90-95% of the 
maximum uptake rema ined a t maturity. Sixty-five to seventy 
percent of plan t N accumula ted i n th e four weeks preceding 
anthesis. 
As the growing season progressed, N percentage of 
plant parts typically declined . Two exceptions to this 
were found . Achene N slowlv increased as the achene developed. 
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Figure 9. Nitrogen concentration and accumulati on in plant 
parts from sunflower nutrient uptake s ites, 1980 
and 1981. 
More interestingly, stem N percentage increased for the 
last two sampling dates at all three sites and receptacle 
N percentage increased for the last sampling date at two 
sites. This may have resulted from the inability of the 
achene to accept N which had been translocated from the 
leaves. In effect, the transport doorway may have been 
closed, and the overflow of N "backed up" into the recep-
tacle and the stem. 
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Under the high N fertility conditions at these sites 
about 50% of total plant N at maturity was in the achene. 
This figure is lower than that found at sites with lower 
levels of N fertility (Narem, unpublished data). Thus, 
the rise in stem and receptacle N percentage late in the 
growing season may not always occur. 
Phosphorus 
Plant phosphorus percentages and distribution are 
shown in two pairs of graph s (Figures 10 and 11) because 
of substantial site differences. A medium P soil test 
(Bray 1) was found at SP-81 while P soil tests at BR-80 
and BR-81 were both far above what is considered a very 
high P test in South Dakota. 
Phosphorus uptake at .SP-81 (Figure 10) shows a 
pattern very much like that found for N. All plant parts 
except the achene show steep drops in P percentage, the 
stern decreasing from 0.3% P to 0.02% P during the growing 
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Figure 10. Phosphorus concentration and accumulation in 
plant parts at Sp-81 (medium soil test P). 
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season. The achene, though dropping slightly in P percen-
tage as it developed, included 80% of the P remaining in 
above ground plant parts at maturity. 
49 
At the other two sites, P percentage of all plant 
parts stayed nearly constant or increased during vegetative 
growth (Figure 11). After anthesis began, P percentage 
dropped in most plant parts, but decreases were not as 
precipitous as at SP-81. Only 60% of plant P was located 
in the achene at maturity. It is worth noting that P 
percentages of plant part s began at similar levels at all 
three sites. This fact, combined with the excellent growth 
of plants at SP-81 wi t h l ower tissue P contents suggests 
some excess or "luxury" c onsumption of P at BR-80 and 
BR-81. 
Potassium 
Total plant K uptake was very large at all three 
sites. This may not be a t rue indication of the sunflower's 
requirement for K, however. Much lower K percentages have 
been found in plants grown in areas with a lower K soil 
test (48). 
Unlike N and P, only about 10% of plant K accumu-
lated in the achene (Figure 12). Very high K concentrations 
in other plant parts early in the season caused K uptake 
to be essentially complete by the end of anthesis. 
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Potassium concentration and accumulation in 
plant parts from sunflower nutrient uptake sites, 
1980 and 1981. 
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Potassium translocated into the achene from the leaf , 
petiole and stem constituted a minor drain upon total plant 
K reserves As was found with N, K concentration in the 
stem and receptacle increased during the latter stages of 
plant development. Once again, this may have been due to 
large early season uptake of K, followed by the inability 
of the achene to accep t translocated K from the leaves. 
Calcium 
Calcium accumulation of the sunflower almost 
paralleled dry matter accumulation until anthesis. 
until that time Ca concentrations in the plant parts 
changed very little (Figure 13). The leaf and petiole 
increases in Ca percentage after anthesis may have been 
caused by loss of dry matter as total Ca content remained 
constant. 
Only about 10% of total Ca accumulated in the 
achene. Calcium percentage in the achene dropped steadily 
as the achene filled. Calcium percentage of plant parts 
at SP-81 was unexplainabily inconsistent so it was not 
considered in forming the curves in Figure 13. 
Magnesium 
Magnesium, similar to Ca, accumulated mostly in 
vegetative plant parts (Figure 14). Though Mg is very 
mobile within the plant, only a small amount was trans-
located from the stern and leaves to the developing achenes. 
Relative Mg content in the stern was large~ than any element 
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Figure 13 . Calcium concentration and accumulation in plant 
parts from sunflower nutrient uptake site s, 19 8 0 
and 1981. 
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Hagnesium concentration and accumulation in 
plant parts from sunflower nutrient uptake sites, 
1980 and 1981. 
except K. SP-81, the site with the highest Mg soil test, 
had the lowest Mg uptake. 
Sulfur accumulation and partitioning was similar 
to that of N (Figure 15). About half of the achene S was 
translocated from other plant parts, mostly from the stem 
and receptacle. Little or no S was mobilized from the 
leaves, suggesting an abundance of S to draw upon in the 
soil solution. Rapid sulfur uptake occurred over a period 
of about six weeks, slightly longer than that for N. 
Boron 
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Total plant content of B didn't reach a maximum 
until a few days before maturity (Figure 16). Achene 
content reached a maximum at two to three weeks before 
maturity and B concentration dropped after that. No 
translocation from other plant parts seemed to occur. Leaf 
B concentration increased s~adily throughout the season 
with a relatively high concentration at maturity (125-155 
ppm). Unlike other elements, B concentration in the petiole 
followed a different pattern than did leaf B concentration. 
Zinc 
Zinc uptake was essentially complete by anthesis 
(Figure 17), after which all Zn entering the developing 
achene was translocated from other plant parts. About 
75% of Zn uptake occurred in the 20-25 day~ preceding 
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Figure 16. Boron concentration and accQ~u1ation in plant 
parts from sunflower nutrient uptake sites, 1981. 
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anthesis. Plant Zn concentrations at the three sites were 
very similar though soil tests were not. 
Copper 
58 
Copper partitioning at maturity was similar to that 
of Zn (Figure 18). Accumulation through the growing season 
occurred at a more gradual rate than Zn uptake with maximum 
uptake occurring about mid-~ay through achene fill. About 
half of the achene Cu is translocated, with the leaf and 
stem contributing similar amounts. Lowest Cu concentra-
tions occurred at BR-80. 
Iron 
Sunflower Fe up take was completed at or before 
anthesis, earlier than that of any other element (Figure 
19). Iron content of the cotyledons exceeded 1000 ppm 
after which concentration in vegetative plant parts steadily 
declined until anthesi s. Higher Fe concentrations were 
found in plants from SP-8 1 than from BR-80 and BR-81. 
Iron concentrations found at all sites were far more 
variable than for any other element. This may have been 
due to contamination from soil not removed in the washing 
of plant samples. 
Manganese 
Manganese accumulation and distribution patterns 
59 
were similar to those of Fe (Figure 20). Comparatively 
small changes occurred through the growing season in Mn 
concentrations within the plant. Achene content of Mn was 
very low with almost no translocation from other plant parts . 
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SUMMARY 
Nitrogen Fertilization of Sunflower 
Effects of nitrogen fertilizer upon sunflower seed 
yield, oil percentage and seed N were examined through a 
series of field trials in 1980 and 1981. Yield increases 
were obtained at six of thirteen sites. Several suggestions 
for improvement of the use o-f the N03-N soil test can be 
made from this data. 
1. Relative seed yield rather than absolute seed 
yield seems to be the most useful dependent 
variable. 
2. If available, N03-N from below 61 em should be 
included in any estimate of available N for sun-
flower. Evidence exists indicating both the 
occasional existence of sunstantial amounts of 
deep nitrates and of the availability of these 
nitrates to the sunflower plant. 
3. Seed oil content was consistently lower for 
fertilized plots than for unfertilized plots. 
This seemed to be due to seed N increases caused 
by N fertilization. Over-fertilization of sun-
flowers by N would thus seem to be a possible 
problem. 
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4. Soil nitrates seemed to have no effect on either 
seed N or oil percentage. Environmental factors 
other than N fertility appeared to mask any 
effects initial soil N03-N might have. 
II. Sunflower Dry Hatter and Nutrient Uptake. 
Plant uptake of most nutrients, as is common with 
other crops, precedes dry matter accumulation. The life 
of the plant can be roughly divided into three periods of 
equal length. Thr first period lasts from emergence till 
the irrmature inflorescence is visible. Growth is very slow 
and uptake of all elements studied except Ca and B is 
relatively large. 
The second period extends until the middle of 
anthesis. Formation of dry matter and uptake of nutrients 
is very rapid. Total K, Zn and Fe uptake reaches a maximum 
about the end of this period. 
Anthesis to maturity is the final period with trans-
location of most nutrients to the developing achene occurring. 
Most elements reach maximum uptake about mid-way through this 
period, after whi ch total plant content decreases. These 
decreases have occasionally been found in other crops (16, 
48,49). Possible explanations include sampling error, failure 
to recover abscised leaves, translocation to roots and 
leaching by rainfall. Any or all of these reasons could be 
involved here. 
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Relat ive uptake of several elements - Fe, Zn and Cu -
did not reflect the soil tests at the different sites. These 
inconsistencies may have been due to the large differences 
in P soil tes ts between sites. P-micronutrient interactions 
have been reviewed by Olsen (30). 
Finally, though sunflower is not considered a plant 
which responds greatly to fert ilization, total nutrient 
uptake is substantial (Table 13). Concentrations of N, P 
and K in the sunflower plant are higher than corn (15) and 
wheat (1), though lower than soybean (17). This indicates 
that the sunflower may be relatively efficient at concen-
trating nutrients from the soil. The need now exists for 
more detailed study of the root development of sunflower to 
fully utilize the information on nutrient uptake presented 
here . 
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Appendix A. Site In format ion fr om Sunflower Fer til ity 
Study. 
Planting Ha· v "Jt 
Site Date Population Variety Ra i n fallt 
plante7na em 
NB-80 5/5 37 ~ 050 Sigco 894-A 32 
GT-80 6/17 37,0)0 Interstate 894 26 
AL-80 5/29 31 ~ ~3()0 Interstate 894 27 
ME-80 6/10 .34' )80 Cargil l 204 26 
LE-80 6/7 41' ~)9 0 Interstate 894 29 
CR-80 6/11 35)800 Interstate 894 26 
HJ-80 5/25 39 ,520 Dekalb 894 29 
RE-81 6/13 32,110 Interstate 894 26+ 
ME- 81 6/11 37, 050 Cargill 204 22f 
RT-81 6/13 1.~3' 220 Sokota 894 22 
GR-81 5/27 34,580 NK Sunbred 354 18 
LP-81 5/ 16 41,9 90 Jacques 501 24+ 
ER-81 6/ 12 46 , 930 Sokota 894 26t 
t Precipi tation from April 1 - Sept ember 30. 
f Estimated from n earest weather station. 
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Appendix B. Leaf N Data from Sunflower Fertility Sitest 
Fertilizer Rate (kg/ha) 
Site 0 33 67 100 134 
-------------------% N-------------------
HJ-80 3.98 4.17 4.28 4.36 4.44 
LE-80 3.58 4.11 3.86 4. 24 4.12 
GT-80 3.31 3.50 3. 74 3.71 3.86 
NB-80 3.98 3.68 3.93 4. 24 4.23 
AL-80 3.03 3.21 3.25 3.51 3.60 
LP-81 4.50 4.43 4.38 4.87 4.72 
RF-81 4.02 4.48 4.38 4.43 4.48 
ER-81 3.72 4.08 4.06 3.93 4.27 
ME-81 4.03 4.22 4.51 4.30 4.49 
t Topmost fully developed leaf. 
Appendix C. Post-Season N03-N at Sunflower Fertility 
Sites. 
Soil Fertilizer Rate, kg N/ha 
Site Depth 0 33 67 too 134 
em N03-N, kg/ha 
LP-81 0-51 9 9 
15-61 17 34 
61-122 12 19 
ME-81 0-15 9 15 13 21 31 
15-61 15 23 21 24 36 
61-122 13 17 16 17 15 
ER-81 0-15 5 6 10 44 21 
15-61 11 10 15 23 17 
61-122 14 17 14 20 20 
RF-81 0-15 10 16 17 15 17 
15-61 11 16 13 16 16 
61-122 12 30 13 19 16 
LE-80 0-15 43 46 62 55 91 
15-61 22 55 45 77 125 
61-122 77 106 92 88 88 
CR-80 0-15 12 24 28 102 78 
15-61 11 19 21 48 58 
61-122 7 10 9 13 15 
GT-80 0-15 10 13 30 43 72 
15-61 9 10 22 30 40 
61-122 10 9 12 18 16 
AL-80 0-15 11 13 12 13 18 
15-61 11 13 19 22 40 
61-122 10 10 11 11 15 
NB-80 0-15 10 15 13 19 18 
15-61 13 15 34 40 45 
61-122 18 13 27 18 22 
HJ-80 0-15 16 --
15-61 12 
61-122 10 
HE-80 0-15 30 39 31 87 114 
15-61 13 27 24 32 39 
61-122 13 13 16 17 19 
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Appendix D. Mean Yields and Oil Percentages 
from P-Fertilization Sites. 
Fertilization Seed Seed 
Site Rate Yield Oil 
kg/ha kg/ha % 
DT-80 0 2280 41.7 
22 2320 43.9 
45 2390 44.1 
90 2390 42.5 
179 2630 43.0 
RF-81 0 2040 38.4 
17 2020 39.8 
33 2250 39.0 
67 1970 39.0 
134 2110 38.1 
GR-81 0 1950 41.4 
33 1780 41.8 
67 1870 41.5 
ER-81 0 2120 39.3 
33 2090 38.6 
67 2170 39.2 
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AEEendix E. Dry Matter and Nutrient UEtake Data from Whole Plant SamEles 
Fertilizer Dry 
Site Rate Matter N p K Ca Mg s Fe Mn Zn Cu 
kg N/ha kg/ha ----------------%--------------- --------ppm--------
NB-80 0 5070 1.23 .300 2.63 ---- --- --- --- -- 33.9 
33 5410 1.44 .248 2.63 ---- --- --- --- -- 31.1 
67 5900 1,67 .230 2.32 ---- --- --- --- -- 27.9 
100 6240 1. 77 .220 2.22 ---- --- --- --- -- 26.8 
134 6780 1.88 .236 2.41 ---- --- --- --- -- 34.0 
RF-81 0 8780 1.38 .342 4.82 2.03 .51 .20 195 70 50.8 11.5 
33 9440 1.59 .286 4.92 1.43 .65 .30 180 75 50.8 11.7 
67 10200 1.66 .337 5.04 1.68 .50 .22 177 55 53.7 10.0 
100 8810 1.72 .311 5.08 1. 79 .49 .39 188 72 49.3 9.8 
134 8940 1.53 .248 4.88 1.46 .53 ,. 23 183 63 46.2 9.8 
ER-81 0 6390t 1.14 .235 4.67 1.13 .46 . 29 154 41 41.0 12.7 
33 1.28 .230 4.96 .93 .57 . 39 172 42 46.2 11.2 
67 1.29 .192 5.08 .94 .53 .20 133 43 42.3 10.8 
100 1.57 .200 4. 79 .98 .52 .19 162 42 43.7 10.3 
134 1.40 .220 5.17 1.06 .61 .22 183 48 47.0 11.5 
AL-81 0 7690 1.36 .214 3.16 1.68 .63 .50 146 72 32.5 17.1 
33 8760 1.43 .224 3.88 1.70 .66 .42 201 75 33.4 16.6 
67 8330 1.51 .204 3.97 1.41 .61 .34 151 64 30.4 20.0 
100 9810 1.62 .209 3.47 1.63 .58 .40 154 69 34.4 18.2 
134 9460 1.71 .220 3.67 1.58 .66 .44 150 68 33.3 20.8 
t Average of all plots. 
-.....,J 
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Appendix F. Regression Models not Used in the Text. 
Yield Models 
Yield= 1479.9 + 3.61 Fertilizer N + 8.97 No3-N, 
0-61 em - 0.018 Fertilizer N2 
R2 = 0. 19;b'• 
Log (Relative Yield)= 2.78 + 0.667 log (Fert. N 
+ N03-N, 0-122 em) - 0.661 (log (Fert. N 
+ No3-N, 0-122 em)) 
R2 = 0 53*-;'•·k 
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Log (Relative Yield) = 4.29 + 0.021 log (Fert. N) 
+ 0.34 log (N03-N, 0-61 em) + 0.27 log 
(No 3-N, 61-122 em) 
R 2 = 0 42·k;'•·k 
Oil Models 
Seed Oil % 
R2 
42.37 - 0.0255 Fertilizer N 
o. 058·k 
Seed Oil%= 40.24 -+ 0.00029 Seed Yield 
R2 = 001 
Appendix F Continued 
Pounds Oil= 548.8 + 2.157 Fertilizer N + 5.068 
N03~N, 0-61 em - 0.0169 (Fertilizer N) 2 
R2 = 0 26*** 
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Appendix G. Correlation Between N03-N, 0-61 em and No~-N, 
61-122 em, at Sites Considered for N Fertlli-
zation Work. 
HJ-80 
LE-80 
GR-80 
GT-80 
NB-80 
RE-81 
LP-81 
ER-80 
AL-80 
YR-80 
ER-81 
GR-81 
HE-81 
TG-80 
TT-80 
AA-80 
EH-80 
LP-80 
SK-80 
KS-80 
DK-80 
MA-80 
BF-80 
----------------kg/ha----------------
80 
94 
55 
30 
46 
58 
87 
28 
41 
71 
18 
41 
39 
32 
68 
70 
81 
91 
113 
67 
76 
60 
107 
36 
69 
16 
16 
14 
25 
25 
53 
16 
36 
16 
26 
24 
26 
80 
67 
88 
83 
80 
39 
64 
16 
54 
Apppendix G Continued 
Site N03-N, 0-61 em N03-N, 61-122 em 
-----------------~-~---~----------------~k-g-/~h-a--------~---~----_-_-_-_-_-_-_-_-_----
ME-80 
PL-81 
LC 81 
GK-81 
JB-81 
44 
132 
49 
24 
29 
61 
41 
27 
11 
16 
A 
No 3-N, 61-122 em (Y) = 7.2 + .517 N03-N, 0-61 em 
R = .359 
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Appendix H. Significance Level of F Values of Effect of 
Site 
NB-80 
CR-80 
LP-81 
ER-81 
GR-81 
ME-81 
RE-81 
HJ-80 
LE-80 
GT-80 
RF-81 
AL-80 
N Fertilization on Seed Yield, Seed Oil Per-
centage and Seed N at Sunflower Fertility Sites. 
Yield Oil Seed N 
------------significance level-----------
0.2085 0.3376 0.0001 
0.0349 0.1730 0.0205 
0.4180 0.0237 0.0001 
0.0118 ------ 0.0193 
0.0008 0.9876 0.3892 
0.2092 0.0026 0.0377 
0.8459 0.4413 ------
0.8234 0.6877 0.2509 
0.6578 0.3517 0.1104 
0.0912 0.5935 0.0163 
0.9558 0.4465 ------
0.2518 0.3186 0.3094 
